Abstract In order to understand the basic mechanisms underlying the organismic aging process, considerable efforts have been devoted in the last half-century to biochemical (enzyme activity) alterations in specific tissues and organs of various organisms associated with aging. When a decline in enzyme activities with age has been found in a study, especially for key enzymes such as antioxidant enzymes, the results have often been interpreted as a cause for the aging of the entire body. Retrospectively, however, these changes turned out to be so variabledepending on species, strains and sexes of animalsthat the interpretation of these results in general terms of aging became invalid. Further, unlike the prediction for the whole human body, many enzyme activities in a vital organ, such as the liver, remained unchanged, as long as the old subjects remained healthy. However, enzyme activities in old animals and humans are often more susceptible to morbidities and frailties, which themselves are often accompanied by infections and malnutrition. Despite the rather stable enzyme functions in the liver with age, a distinct and progressive decline in the lateral diffusion coefficient of proteins of hepatocyte plasma membranes has been demonstrated by fluorescence recovery after photobleaching (FRAP), which was implicated as the cause for the decline of hepatocyte functions such as ouabain (and taurocholate) hepatic uptake and their eventual biliary excretion. Since a similar decline in protein diffusion coefficients was observed in brain and muscle cells, it is likely that these changes are occurring in common with many cell types of the body, thus causing a delay in transmembrane transport of endogenous and exogenous substances whose transports are mediated by membrane proteins. In attempts to prolong the life spans of animals other than by calorie restriction, but instead using deprenyl or tetrahydrocurcumin, works by the author and coworkers are introduced and discussed. Despite limited success along these lines thus far, further attempts are encouraged, primarily to understand the mechanisms underlying organismic aging processes and to find a practical way to prolong the health span of the elderly.
aware that it is not only an honour, but also more importantly a great responsibility, because the lecture I am going to give is expected to address the following three big questions as requested by Dr. Simin Meydani, the current president of our Association: (1) What are the unanswered questions in understanding how aging works? (2) Why are these questions important to an overall understanding of aging? and (3) How might we best approach those questions experimentally and clinically?
Obviously, it is beyond my capability to address these three important but difficult questions directly. Instead, what I am going to do today is to reproduce here my questions, and my own tentative answers which I have been repeating in my mind over the past 35 years, by reviewing mainly some of my own past research activities.
Everything is going down with age (Jon Ek)
When I started to work in the Tokyo Metropolitan Institute of Gerontology (TMIG), I was 36 years old. I had my English teacher, Mr. J. Ek, who was correcting the English of my manuscript. One day, he told me "I have become 50 years old today. I said "Happy birthday, but you look so young." He said "No, at the age of 50, everything is going down." He had just remarried a 22-year-old Japanese girl. My honest feeling at that time was "there is no wonder that everything is going down when one becomes 50 years old." I think a majority of people around here will agree with Jon that everything is going down with aging, and that this is the natural and normal aging process.
What really declines with age?
However, when I started to get involved in aging studies, I began to wonder what is really going down with age. This question occurred to me immediately after I started to work on aging animals, and still remains essentially unresolved up to now. Before I started to work in TMIG, I had been working in the field of hepatology, the study of the liver. Accordingly, the first step I took was to examine whether and how liver functions are altered-namely decline-with age.
One of our early studies was to examine the biliary excretion of i.v. injected ouabain, a cardiac glycoside in rats of different ages. In this animal species, i.v. injected ouabain is very efficiently excreted into the bile. The biliary recovery of ouabain in the first 10 minutes was shown to decline in a linear fashion with rat age (Fig. 1) , . At first, I was not excited at all with this result, because I thought "Well, everything is going down with age. This may be one of everything." Later, I realized that it was not true.
When we examined age-dependent changes in drug metabolizing enzyme activities mediated by the hepatic microsomal P-450 system in F344/Du rats, the P-450 concentrations as well as many enzyme activities dependent on P-450 all drastically declined with age in male rat livers. This may be another example of everything declining; however, in female rat livers, all drug metabolizing enzyme activities as well as P-450 concentration stayed totally unchanged with age, showing a plateau throughout their lives ( Fig. 2 ) (Fujita et al. 1986; Kamataki et al. 1985) . I thought maybe P-450 functions in female rat livers could be a rare exception. However, when we examined mouse livers, we found barely any decline with age in drug metabolizing enzyme activities in either sex (Fig. 3 ) (Fujita et al. 1986 ). Then I started to wonder: which is the exception, a decline or no change with age?
And this question-what really declines with age?-has continued to stay in my mind up to now. In those (Created from the data reported in Kitani et al. 1978) days, it appears to have been a general consensus that all physiological and probably biochemical functions decline with aging. Early studies by the group of Dr. Nathan Shock in Baltimore strongly supported this thesis. In so-called healthy human volunteers, the cardiac output (Brandfonbrener et al. 1955) , renal creatinine clearance (Rowe et al. 1976) and all other physiological parameters examined were demonstrated to steadily decline with age. However, later by the same group in Baltimore, in a longitudinal study, neither the cardiac output (Rodeheffer et al. 1984) nor renal creatinine clearance (Lindeman et al. 1985) was shown to decline with age. Instead, they found that only morbidities associated with aging down-regulated these functions. We continued to work on liver functions. We found that activities of glutathione S-transferase (GST), which is a cytosolic (and important detoxifying) enzyme, also remained unchanged with age towards 4 out of 5 substrates tested in female mouse livers (Carrillo et al. 1989) . I finally came to a tentative conclusion that some liver functions may not decline with age. However, although physiological levels of enzyme activities stayed mostly unchanged with age, striking differences between young and old mice in the regulation of enzyme activities could be demon- Fig. 2 Aminopyrine Ndemethylse activity in male and female F344 rats of different ages. All values are expressed as mean ± SEM. Reproduced with the permission of the publisher. (Fujita et al. 1982) . Closed circles indicate male rats and open circles female rats. +, ++, **, Significantly different from respective 3-month values. (+P < 0.05; ++, **P < 0.01) strated when animals were fed a protein-free diet (PFD) and refed a normal diet. In young animal livers, after a normal diet refeeding, the GST activities immediately went up, up to far higher levels than physiological levels within 2 days, and then came down to their normal physiological levels, while in old mouse livers such an "overshooting" of enzyme activities never occurred, the values slowly coming back to physiological levels ( Fig. 4) (Carrillo et al. 1989) .
Thus, a linear decline of GST enzyme activities with age was clearly observed only in the recovery phase after a normal diet refeeding, rather than at physiological levels or at bottom levels by PFD feeding (Carrillo et al. 2002) . We concluded that young mice could recover their normal enzyme activities more quickly and more efficiently than old mice. We also confirmed this phenomenon in three other animal models-male mice and rats of both sexes (Carrillo et al. 1990 (Carrillo et al. , 1991 (Carrillo et al. , 1992b .
This phenomenon may look similar to what Adelman proposed many years ago as "a disrupted enzyme regulation" in old age (Adelman 1975) . He classified different responses of enzyme activities in old animals to a variety of stimulations primarily into two prototypes, namely a lowered response and a delayed response (and their subtypes) of enzyme activities to stimuli in old animals (Adelman 1975) . However, an impaired enzyme response is not as simple as his classification indicates.
When young and old mice were treated with phenobarbital for 7 days, so-called enzyme inductions were often greater in old mice than their young counterparts ( Fig. 5) (Fujita et al. 1986 ). This type of an exaggerated response in old animals was cited by Adelman (1975) ; however, he did not specifically discuss it. Although the effect of enzyme inducers on drug metabolism in elderly humans is controversial in the literature (Kitani, 1988) , a greater enzyme induction in old than in young humans has been reported (Bonde et al. 1985) . It is questionable whether this type of response can be classified as one type of disrupted enzyme regulation in old age. To my mind, this can only be explained as due to a decrease in turnovers of enzyme molecules in old animal livers.
For many enzyme molecules, their synthesis may be decreased with age; however, their turnovers are also lowered, so that apparent enzyme unit numbers, and thus their activities, can be maintained marginally at young levels even in old age. A decrease in intracellular protein turnover is difficult to prove; however, the group of Goto in Japan has provided some evidence for this thesis by using a microinjection technique of proteins of different kinds into Fig. 3 Drug-metabolizing enzyme activities dependent on hepatic microsomal P-450 in male and female C57BL mice. Y; young, O; old. Values are expressed as mean ± SEM (n = 4∼12). *, ** Significantly different from the corresponding values in the young mice: *P < 0.05, **P < 0.01. Abbreviations: APD; aminopyrine demethylase, HBH; hexobarbital hydroxylase, NAP; nitroanisole Odemethylae, IMD; imipramine N-demethylase, IMD; imipramine 2-hydroxylase, DZH; diazepam 3-hydroxylase, DZD; diazepam Ndemethylase. (Created from Fujita et al. 1986) primary cultured hepatocytes of mice of different ages (Ishigami and Goto 1990, Goto et al. 2001) .
Other indirect but strong evidence supports this thesis. There is the formation of lipofuscin-like lipopigments in rat hepatocytes and other internal organs, such as kidneys, following an intraperitoneal administration of protease inhibitors, such as leupeptin (Ivy et al. , 1991a . This observation strongly supports the idea that the perturbation of protein degradation and its intracellular disposition in secondary lysosomes is a fundamental mechanism for lipofuscinogenesis, as Ivy initially proposed for brain cells 20 years ago (Ivy et al. 1984) . At the same time, this observation strongly suggests that a decrease in proteolysis during aging leads to progressive decreases in turnovers of intracellular proteins, including enzyme molecules.
The marginally balanced protein synthesis and degradation which maintains enzyme activities at young levels in old age can be supported indirectly by results of clinical studies. A group in the UK examined the conjugation capacity of acetaminophen in human livers by measuring urinary clearance of its conjugates, a glucuronide and a sulphate. They found that if clearance values were corrected for liver volume, there was no significant difference in clearance values between the fit young and fit elderly; however, in the frail elderly, values were significantly lower than in even the fit elderly (Wynne et al. 1990 ). This suggests that not only a morbidity but also even a frailty decreases liver functions considerably in elderly humans. Could this be an exception? I collected many pharmacokinetic studies which examined the difference between young and old human subjects (Kitani 1988) .
All these drugs are metabolized by the liver and, accordingly, their clearances depend on liver drug metabolism. Other than benzodiazepines, 28 drugs have been reported to have clearance values lowered with age in 54 studies. In contrast, clearance values for 26 drugs have been reported to stay unaltered with age in 35 studies (Kitani 1988) . Among these drugs, 14 drugs were listed in both categories namely, having both lowered and unchanged clearances with age (Kitani 1988) . Similarly, 11 different benzodiazepines were reported to have a decrease in their clearance values, while 9 benzodiazepines were reported to have no significant decline in their clearance values in the elderly. Two drugs were listed Fig. 4 Changes in activities of glutathione S-transferases towards five different substrates in young (8-month old) and old (27-month old) female C57BL mice which were given different diets. All values are expressed as mean ± SD. Abbreviations: ND; normal diet for 2 weeks, PFD; protein free diet for 1 week, PFD + ND; normal diet refeeding after PFD for 1 week, CDNB; 1-chloro-2,4-dinitrobenzene, DCNB; 1,2-dichloro-4-nitrobenzene, STOX; styrene oxide, PBO; trans-4-phenyl-3-buten-2-one, BSP; sulfobromophthalein sodium tetrahydrate. All values are expressed as mean ± SD. Reproduced with permission (Carrillo et al. 1989 ) *Significantly different from corresponding basal values in control mice fed with normal diet only (P < 0.05). Open stars Significantly different from corresponding young values (P < 0.05) Age (2007) 29: [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] in both categories (Kitani 1988) . As such, the results are quite contradictory among different studies. Similar to findings in early studies by the Baltimore group, I found that the criteria for the definition of healthy elderly profoundly affected the results in many of these studies.
A drastic decline in P-450 functions with age reported in male rats as early as in the sixties (Kato et al. 1964 ) has long been taken as an experimental basis for the possible decline in hepatic drug metabolism in the elderly (Kitani 1988) . However, it is my tentative conclusion that for a majority of drugs metabolized by the liver, their clearance values are not altered with age per se, especially when clearance values are corrected for liver volume. It means that enzyme activities per unit liver volume are not lowered in old age. However, morbidities and even a subtle frailty, which is accompanied by infections that are known to impair enzyme activities of Phase I reactions (Au et al. 1985 , Sonne et al. 1985 , and (protein) malnutrition, which is known to lower activities of Phase II reactions such as GST, can lower these liver functions considerably in the elderly (Anderson et al. 1982) , as has been clearly shown for actaminophen by the UK group (Wynne et al. 1990 ).
An altered enzyme hypothesis for SOD
Is a drug-metabolizing enzyme system in the liver an exception for the rule of J. Ek? Gershon in Israel found an age-dependent decline in superoxide dismutase (SOD) activities in male rat livers, and attempted to explain his observation by postulating a so-called alteration of the SOD molecule (Reiss and Gershon 1978) . He insisted that a subtle alteration of SOD chemical structure yields a molecule more susceptible to high temperatures in terms of its enzyme activity, but stable in terms of its antigenicity as a protein. A similar alteration was reported for other enzymes (Wulf and Cutler 1975) . This alteration causes an age-dependent decline in SOD enzyme activity and consequently a reduction in radical scavenging capacity in tissues, leading to a further decline in functions of the liver by means of "a vicious circle" (Reiss and Gershon 1978) . Further, a group in San Antonio reported that catalase (CAT) and SOD activities and their respective gene expressions declined with age in the liver (Rao et al. 1990) as well as in the brain (Rao et al. 1990 , Semsei et al. 1991 , and postulated the hypothesis that this is a basic mechanism regulating an age-associated decline Phenobarbital was administered by intubation at a dose od 20 mg/kg/day for the first 2 days followed by a 5-day treatment at a dose of 50 mg/kg/day. Abbreviations are the same as indicated in Fig. 3. (Created from the data reported in Fujita et al. 1986) in many functions in the liver and brain throughagain-"a vicious circle". These were and still are attractive theories. The primary problem with these hypotheses, however, is that they are based on an assumption that the SOD enzyme activity in the liver declines in general terms with age.
When our group examined CAT and SOD enzyme activities in livers of young and old F344/DuCrj rats, we found no decline in SOD enzyme activities with age (Carrillo et al. 1992a) . CAT activities declined with age in male rat livers; however, we found a significant increase with age in female rat livers (Carrillo et al. 1992a) . Rikans et al. (1991) also previously reported that there is no decline in SOD enzyme activities with age in rat livers. Interestingly, they also reported an agedependent decline in CAT activities in male rat livers, and conversely an age-dependent increase in female rat livers (Rikans et al. 1991 ), as we ourselves found (Carrillo et al. 1992a) . I think when Gershon found a decrease in SOD activities in his rat liver, he never doubted that it was not true in other animal models, probably because he was also biased by the idea of J. Ek that everything is going down with age.
How about the brain? We found in male F344/Du rats, in most brain regions examined, that Mn-SOD activities were significantly (3-to 5-fold) higher rather than lower in old rats than in their young counterparts, which contributed to a significantly higher total SOD activity in the brains of old animals (Carrillo et al. 1992a ). These findings correspond to the observation by Williams et al. (1995) , who found that messenger RNA levels for Mn-SOD are significantly elevated in most brain regions in old male rats-which, however, was at variance with observations made by the San Antonio group (Rao et al. 1990 , Semsei et al. 1991 . In females, the differences between young and old rats were very minor, showing that enzyme activities were affected only modestly by aging, but that they certainly show no decline with age (Carrillo et al. 1992a) . It is obvious that the hypotheses raised by Gershon and the group in San Antonio do not hold up even in the same species of animals in general.
One of my messages in this talk is that in order to make a general theory of aging, our observations must be reproducible in a diversity of animal species, strains and sexes, that is, they must be "a public observation" as defined by Martin (1997) . The second message is, of course, we must be very careful about our own bias that everything is going down with age, when we deal with our own experimental results. This reminds me of my own experience a long time ago. When I submitted our manuscript stating that P-450 functions in mouse livers stay basically unchanged with age, the paper was quickly turned down with the comment "a drug metabolism in mouse livers does not decline with age, WHY?" I think this reviewer was also totally trapped by the idea that everything is going down with age, as Mr. Ek felt at his age of 50.
After spending more than 10 years on liver and aging (Kitani 1978 (Kitani , 1982 (Kitani , 1986 (Kitani , 1991b , I realized and now am convinced that many if not all liver functions, especially enzyme activities, stay unchanged with age, as long as the subjects remain healthy. Finally, I came to the conclusion that the change in P-450 function(s) in male rat livers is (are) a rare exception, which was nothing but the feminization of P-450 functions in male rat livers (Fujita et al. 1986 , Kamataki et al. 1985 . Then, I came back to our initial observations of ouabain excretion.
Hepatic uptake and biliary excretion of ouabain and hepatocyte surface membrane quality alterations with age
In 1982, one young and bright Hungarian guy, Imre Zs.-Nagy, came to our laboratory from Debrecen to construct and start to use an instrument called "fluorescence recovery after photobleaching", or "FRAP". There is not sufficient space to describe this instrument in detail, but with this home-made machine we are able to measure the protein lateral diffusion coefficient of cellular surface membranes (for details, see Zs.-Nagy 1994, Zs-Nagy et al. 1984 , 1986 ).
When we examined hepatocyte surface membranes in rats, we found a linear decline with age of this parameter (Zs.-Nagy et al. 1986 ). We then compared the ouabain excretion into the bile with protein lateral diffusion coefficients of hepatocyte surface membranes in rats of different ages, and found a significant correlation between these two parameters ( Fig. 6) ). Interestingly, spironolactone feeding for 4 days, which had been known to considerably increase the biliary ouabain excretion, caused an increase of protein diffusion coefficient, showing again a significant correlation between these Age (2007) 29: [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] two parameters in spironolactone-fed rats (Fig. 6 ) ).
Then we examined the hepatic uptake velocity of ouabain by using isolated hepatocyte preparations, and again we observed a linear decline with age of hepatic uptake velocity, and a positive correlation between the hepatic uptake velocity and the other two parameters, protein diffusion coefficient and biliary excretion of ouabain . We have also shown that the hepatic uptake velocity of taurocholate, an organic anion unlike a neutral steroid, ouabain, also declines with age in a very similar manner to that of ouabain ). These two compounds have totally different transport proteins in hepatic surface membranes. Accordingly, we postulated that an agedependent decrease in protein mobility in hepatocyte surface membranes caused a decline in the hepatocyte uptake velocity of ouabain as well as of taurocholate, leading to a decrease in the biliary recovery of ouabain in the first 10 minutes in particular .
As of that moment, I had found one parameter in the liver which steadily declines with aging, namely the protein lateral diffusion coefficient of hepatocyte surface membranes. This observation was confirmed in five different rat models (F344 and BN/Bi rats of both sexes and male Wistar rats), two mouse models (C57BL/6 mice of both sexes), and short-lived (Mus musculus) and long-lived (Peromiscus) wild mouse strains of both sexes (Zs.-Nagy et al. 1993 ) (for review see Kitani 1999 ). This finding also turned out to be true in brain cells as well as in skeletal muscle cells (Zs-Nagy et al. 1998) . It is likely that this change in cell surface membranes has a profound impact on physiological functions in these organs, especially for transmembrane transport functions for various (endogenous and exogenous) substances mediated by membrane proteins (Kitani 1991a , 1999 .
Membrane hypothesis of aging (I. Zs.-Nagy)
After introducing the FRAP studies of Zs.-Nagy, I need to discuss what I think of his hypothesis, namely "The membrane hypothesis of aging" , 1994 . Dr. Zs.-Nagy insists that the surface membranes of all cell types in animals become increasingly rigid with age, which causes intracellular dehydration leading to a general decline in enzyme activities with age, since the mobility of intracellular enzyme molecules is more and more restricted with aging , 1994 ). The first tenet of his theory, the qualitative alteration of cell surface membranes with age, has been unequivocally supported by our collaborative works using FRAP , Kitani 1999 . However, I totally disagree with his final conclusion that all intracellular enzyme activities decline with age, as I have discussed already in this talk using my own studies as well as many in vivo clinical pharmacokinetic studies reported in the past (Kitani 1988) . This issue has been discussed previously (Kitani 1991a (Kitani , 1999 . His response to my view was published also (Zs.-Nagy 2001) . Readers are advised to form their own views on this issue by examining views of both sides.
A decline in seizure response capability with age A decline in a function in a whole organism Fig. 6 Comparison of the lateral diffusion constants of hepatocyte plasma membrane proteins and ouabain excretion into the bile (first 10-min value) in male Wistar rats of different ages with and without spironolactone pretreatment. All values are expressed as mean ± SD. Reproduced with permission. incidentally found one parameter which shows a definitive decline with age. In the mid-1980s, we were working to examine pharmacodynamic alterations affected by aging, which are quite important in pharmacotherapy for the elderly but are very poorly elucidated even now. We found that as animals age, they become more sensitive to all anticonvulsants tested, such as phenytoin , phenobarbital (Kitani et al. 1985b) , oxazepam ) and AD810 (Kitani et al. 1987 ), regardless of their receptor differences. That is, a lower concentration of drugs in serum and the brain is enough to block the maximal seizure induced by chemical or electrical shock as animals get older as shown in Fig. 7 . However, we finally concluded that these changes of apparent drug sensitivity to central nervous system depressants are most likely due to the general decline in seizure response capability with age, rather than to changes in receptors for individual drugs. This was clearly demonstrated as an age-related increase in stimulatory intensity of an electric shock (Kitani et al. 1985a ) required for inducing a maximal seizure as shown in Fig. 8 . This is a very clear age-dependent alteration, a "decline" of physiological function of an organ in the body. But it is a very complex polysynaptic sequence in the whole body, starting from current spread to the cornea, through to the brain stem, then to the spinal cord and ending in an extensor tonic convulsion of the hind limb. I think what Jon Ek said still holds, because he was feeling something as a whole organism and not as a liver homogenate or a tissue slice or a cell in culture. However, as I have shown you, if we look at sophisticated biochemical or molecular genetic parameters, we really have difficulty in finding a definitive decline with age for many parameters.
My next message is that it is of paramount importance to realize that aging is a phenomenon occurring in the whole organism. If we look at functions of the whole body, we can clearly and easily demonstrate a definitive and reproducible decline in functions of the body. The hepatic GST response as discussed earlier is also one example of a phenomenon occurring in the whole body, and the integration of all functions in the body may be most important in keeping animals alive. In contrast, it is amazing to realize how little is changing with age in a single vital organ like the liver, where many biochemical parameters are maintained at their young levels even in old Kitani et al. 1984) Age (2007) 29: [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] age. When we think of the biological aging of animals, in my opinion, we always need to come back to the whole body functions of organisms.
Pharmacological and nutritional interventions in aging
Finally, I will introduce the manipulation of animal life spans. Obviously, it is still the general consensus in experimental gerontology that the only means to reproducibly prolong the life spans of animals is calorie restriction. Personally, however, I belong to a minority who believes that the calorie restriction paradigm does not work so effectively in humans, in contrast to what has been successfully demonstrated in all other animal species tested. I will refrain from my current discussion of this issue (see Kitani and Goto 2005) . I just cite two studies, one theoretical (Demetrius 2004) , the other practical (Dirks and Leeuwenburgh 2006) , which have raised some doubt or a caution on the practice of calorie restriction in humans. Here, I will show results of our own attempts, with methods other than calorie restriction, to modify or intervene in life spans of animals.
In 1993, we reported our initial study which demonstrated a significant prolongation of average life spans of male F344/Du rats by s.c. deprenyl injections . This was the third study of this kind, following the initial study by Knoll (1988) and another study by a Canadian group (Milgram et al. 1990) .
Not only in rats, but also in three other speciesspecifically dogs, hamsters and mice-a positive effect of deprenyl on life spans has been reported (reviewed in Kitani et al. 2002a,b) . In contrast to three rat studies in the past which demonstrated a significantly positive effect of deprenyl on life spans of rats (Knoll 1988 , Milgram et al. 1990 , one study reported that the effect was insignificant (Bickford et al. 1997) . Most intriguingly, another study from the UK reported an adverse effect, that is a shortening of life spans of rats (Gallagher et al. 1998 ). We speculated that this effect of the drug may have an upper limit, and that above this range the effect will become less effective and finally adversely effective. With our most recent data, a predicted inverse Ushaped dose-response relationship in terms of the effect of deprenyl on life spans in F-344 rats has emerged (Kitani et al. , 2006 . A similar inverse U-shaped response was also previously demonstrated by our group for another effect of the drug, that is the increase of SOD and CAT activities (Carrillo et al. 2000 , discussed in Kitani et al. 2002a ,b, 2006 . We (Kitani et al. 1985a) have demonstrated that the effective dose ranges for these two effects of the drug are overlapping with each other, which is compatible with our longstanding contention that these two effects are causally interrelated (Kitani et al. , 2006 ). Now we can easily explain the negative effect of the drug reported by the UK group (Gallagher et al. 1998 ) as due to an overdose of the drug to the rat strain they used.
If the above hypothesis is true, however, it is rather unique, since almost all past studies genetically upregulating SOD and/or CAT enzymes have failed to increase life spans of rodents. Only recently, the group in Seattle has reported a significant prolongation of life span in mice overexpressed for their mitochondrial CAT (Schriner et al. 2005) . Another recent preliminary study reported a successful prolongation of the life span of male F344 rats that were overexpressed for SOD1 (Ikeno et al. 2005 ).
We have not reached the final conclusion on the precise mechanisms for the prolongation of life span by deprenyl.
We have found that deprenyl induces SOD and CAT activities not only in brain dopaminergic regions but also in some internal organs such as the heart, kidneys and adrenal glands, which were accompanied by increases of their mRNA levels (Kitani et al. 2002a,b) . Deprenyl also mobilizes a variety of humoral factors such as interleukines, neuronal factors (including neurotrophins), hormonal factors etc. (Kitani et al. 2002a ). Some of these appear to be related to the up-regulation of antioxidant enzyme activities induced by this drug. It is possible that mobilization of some of these humoral factors is at least partially involved in the effects of deprenyl on life span in animals.
Finally, based on the free radical theory of aging by Harman (1956 Harman ( , 1994 , we selected a micronutrient contained in Indian curry, namely curcumin. Tetrahydrocurcumin (TC) is a biotransformed product of curcumin which is a more potent antioxidant. We fed male mice with a diet containing purified TC and found the survival curve shifting towards the right. The average life span as well as the 10% longest life span of mice was significantly prolonged (by more than 10%) by feeding a diet containg 0.2% (but not 0.1%) TC. The prolongation of average life expectancy after 24 months was more than two-fold (Kitani and Osawa 2005) . We have also observed that the feeding of green-tea polyphenols in drinking water could significantly extend the average life spans of male mice (Kitani and Yokozawa 2003) .
Much work remains to be done on the mechanisms of modification of life spans of animals by deprenyl as well as by TC and many other substances, especially antioxidant micronutrients. I do believe that it is worthwhile to examine the effects of such substances on life spans of animals. It is my belief that life spans of animals are the best parameter for animal aging, and that the manipulation of or interventions into life spans by various means may help us further our understanding of aging mechanisms. Furthermore, studies using micronutrients may prove a rational basis for nutritional strategies for interventions in aging and age-associated disorders, which at the moment are mostly based on epidemiological studies in the past .
In the present talk, I have emphasized that a definitive functional decline with age can be observed when we look at a whole organism. However, it is possible that I am not correct if I say that all functions of a whole body decline with age. According to Jeanne Wei at Harvard University (at that time), there are three functions which actually can increase with age, that is (1) creativity, (2) wisdom, and (3) spiritual strength. It is hard to prove this thesis, but we tend to believe it when we look at some special persons, for example Dr. and Mrs. Denham Harman, who really demonstrate evidence for the thesis of Wei. If she is correct, our gerontology should aim at an augmentation of function in the elderly, rather than just looking for the deficits or declines in old age, in order to promote a longer, healthier and more productive and creative life span.
